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And we have many, well trusted tools to model each… 
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However they are largely used within their own 
silos of excellence. 
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HELICS enables easily bringing together two or more 
existing tools, exchanging data as time advances, to form a 
tightly integrated co-simulation. 
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HELICS™: 
Hierarchical Engine for Large-scale 
Infrastructure Co-Simulation Project funding: GMLC 1.4.15 

Capabilities: 
• Scalable: 2-100,000+ Federates 
• Cross-platform: HPC (Linux), Cloud, 

Workstations, Laptops (Windows/OSX) 
• Modular: mix and match tools 
• Minimally invasive: easy to use 

lab/commercial/open tools 
• Open Source: BSD-style. 
• Many Simulation Types: 

• Discrete Event 
• QSTS 
• Dynamics 

• Co-iteration enabled: “tight coupling” 
• APIs: C++,. C, Python, Java, Matlab, 

Julia, FMI 
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DistributionTransmission 

“TDC Tool” 

B. Palmintier, et al., “Design of the HELICS High-Performance Transmission-Distribution-Communication-Market Co-
Simulation Framework,” Workshop on Modeling and Simulation of Cyber-Physical Energy Systems, Pittsburgh, PA, 2017. 

v2.0.0 available now at 
https://www.github.com/ 

GMLC-TDC/HELICS-src 
Co-simulation Engine 

Grid 

DDER 

Trans 
port ICT Water 

Scalable, High-performance co-simulation to 
combine best-in-class tools for breakthrough 
grid modernization simulation and analysis 
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Computational Integration Workflows 

Slide adapted from Dr. Wes Jones, NREL 

Co-simulation “consists of the theory and 
techniques to enable global simulation of a 
coupled system via the composition of 
simulators. Each simulator is a black box 
mock-up of a constituent system, developed and 
provided by the team that is responsible for that 
system.”[1] 

[1] Gomes, Cláudio et al. “Co-simulation: State of the art.” CoRR abs/1702.00686 (2017): n. pag. 
Figures: Gomes, Cláudio et al. “Co-Simulation: A Survey.” ACM Comput. Surv. 51 (2018): 49:1-49:33. 

Co-modelling is 
“w[h]ere models are 
described in a unified 
language, and then 
simulated.”[1] 



 

         
         

    

  

             
             

     

Computational Integration Workflows 

[1] Gomes, Cláudio et al. “Co-simulation: State of the art.” CoRR abs/1702.00686 (2017): n. pag. 
Figures: Gomes, Cláudio et al. “Co-Simulation: A Survey.” ACM Comput. Surv. 51 (2018): 49:1-49:33. 

Slide adapted from Dr. Wes Jones, NREL 



 

 
  

 
  

 

 

 

     
     

  

  

  

   
   

   
   

 
  

 

  

 
 

 
 

 

 
 

 

  
 

 

  

     
      

  
 

 

 
  

 

 

“Cyber”-Physical Simulation 
e.g. Transmission-Distribution-Market 

▶ Physical Data (Values) 
v Voltage, Frequency, Current 

▶ Market Data (Messages) 
v Measured Load, LMPs 
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Adding Controllers… 
e.g. Control Architecture Scaling & Performance 

▶ Physical Data (Values) 
v Voltage, Frequency, Current 

▶ Market Data (Messages) 
v Measured Load, LMPs 

▶ Controller Data (Messages) 
v Sensor Readings, Control Signals 
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Novel T&D Control Architecture 
Design: Predictive State Estimation & 
Machine Learning Control 
Grid Sim: Entire Island of Oahu, HI with 
>1M electric nodes. 
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Keeping the wires uncrossed 
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v Delays 
v Random drops 
v Other message effects (e.g. 

packetization) 
v And more 

▶ No changes to domain models 
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Novel T&D Control Architecture 
Design: Predictive State Estimation & 
Machine Learning Control 
Grid Sim: Entire Island of Oahu, HI with 
>1M electric nodes. 
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Or Detailed Communication 
e.g. Protocol Comparison for Situational Awareness 

▶ Full communication simulation: 
v Shared bandwidth 

v Network Specific Vulnerabilities 

v Potential Tools: ns-3, Opnet++, 
SCEPTRE, etc. 

▶ No changes to domain models 
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Some Other Use Cases 
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HELICS Interfaces to Domain 
Simulators 

Not exhaustive lists. 
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▶ Growing mix of tools 

▶ Enable large-scale 
interdependency all-hazards 
studies: scale to 100,000+ 
domain simulators 

▶ Diverse simulation types: 
v Continuous, discrete event, 

time series 

v Steady-
state/dynamic/transient 

v Any energy system 

▶ Support standards: HLA, 
FMI, … 

▶ APIs: C++,. C, Python, 
Java, Matlab, Julia, FMI 
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Thank You 

Bryan Palmintier: bryan.palmintier@nrel.gov 

HELICS v2.0.0 available at 
https://www.github.com/GMLC-

TDC/HELICS-src 

NREL/PR-5D00-73977 

Henry Huang, Liang Min, Jason Fuller, Philip 
Top, Dheepak Krishnamurthy, Shri 
Abhyankar, Manish Mohanpurkar, Kalyan 
Perumalla, David Schoenwald 

This work was authored in part by Alliance for Sustainable Energy, LLC, the manager and 
operator of the National Renewable Energy Laboratory for the U.S. Department of Energy (DOE) 
under Contract No. DE-AC36-08GO28308. Funding provided by U.S. Department of  Energy 
Offices of Electricity and of Energy Efficiency and Renewable Energy Solar Technologies Office 
through the Grid Modernization Initiative. The views expressed in the article do not necessarily represent the views of the DOE or the U.S. Government. The U.S. 
Government retains and the publisher, by accepting the article for publication, acknowledges that the U.S. Government retains a nonexclusive, paid-up, irrevocable, 17 
worldwide license to publish or reproduce the published form of this work, or allow others to do so, for U.S. Government purposes. 

https://www.github.com/GMLC

	HELICS for Integrated Transmission, Distribution, Communication, & Control (TDC+C) Modeling
	Grid modernization requires integrating multiple infrastructures…
	And we have many, well trusted tools to model each…
	However they are largely used within their own silos of excellence.
	HELICS enables easily bringing together two or more existing tools, exchanging data as time advances, to form a tightly integrated co-simulation.
	Hierarchical Engine for Large-scale Infrastructure Co-Simulation
	Computational Integration Workflows
	“Cyber”-Physical Simulatione.g. Transmission-Distribution-Market
	Adding Controllers…e.g. Control Architecture Scaling & Performance
	Keeping the wires uncrossed
	… and Simple Communicatione.g. Design-stage Cybersecurity Evaluation
	Or Detailed Communicatione.g. Protocol Comparison for Situational Awareness
	Some Other Use Cases
	HELICS Interfaces to Domain Simulators
	Thank You


<<

  /ASCII85EncodePages false

  /AllowPSXObjects true

  /AllowTransparency false

  /AlwaysEmbed [

    true

  ]

  /AntiAliasColorImages false

  /AntiAliasGrayImages false

  /AntiAliasMonoImages false

  /AutoFilterColorImages true

  /AutoFilterGrayImages true

  /AutoPositionEPSFiles true

  /AutoRotatePages /PageByPage

  /Binding /Left

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /CalGrayProfile (Gray Gamma 2.2)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Warning

  /CheckCompliance [

    /None

  ]

  /ColorACSImageDict <<

    /HSamples [

      2

      1

      1

      2

    ]

    /QFactor 0.76000

    /VSamples [

      2

      1

      1

      2

    ]

  >>

  /ColorConversionStrategy /LeaveColorUnchanged

  /ColorImageAutoFilterStrategy /JPEG

  /ColorImageDepth -1

  /ColorImageDict <<

    /HSamples [

      2

      1

      1

      2

    ]

    /QFactor 0.76000

    /VSamples [

      2

      1

      1

      2

    ]

  >>

  /ColorImageDownsampleThreshold 1.50000

  /ColorImageDownsampleType /Bicubic

  /ColorImageFilter /DCTEncode

  /ColorImageMinDownsampleDepth 1

  /ColorImageMinResolution 150

  /ColorImageMinResolutionPolicy /OK

  /ColorImageResolution 150

  /ColorSettingsFile ()

  /CompatibilityLevel 1.7

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /CreateJDFFile false

  /CreateJobTicket false

  /CropColorImages false

  /CropGrayImages false

  /CropMonoImages false

  /DSCReportingLevel 0

  /DefaultRenderingIntent /Default

  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /DAN <>

    /DEU <>

    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

    /ESP <>

    /FRA <>

    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)

    /JPN <>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /PTB <>

    /SUO <>

    /SVE <>

  >>

  /DetectBlends true

  /DetectCurves 0.10000

  /DoThumbnails false

  /DownsampleColorImages true

  /DownsampleGrayImages true

  /DownsampleMonoImages true

  /EmbedAllFonts true

  /EmbedJobOptions true

  /EmbedOpenType false

  /EmitDSCWarnings false

  /EncodeColorImages true

  /EncodeGrayImages true

  /EncodeMonoImages true

  /EndPage -1

  /GrayACSImageDict <<

    /HSamples [

      2

      1

      1

      2

    ]

    /QFactor 0.76000

    /VSamples [

      2

      1

      1

      2

    ]

  >>

  /GrayImageAutoFilterStrategy /JPEG

  /GrayImageDepth -1

  /GrayImageDict <<

    /HSamples [

      2

      1

      1

      2

    ]

    /QFactor 0.76000

    /VSamples [

      2

      1

      1

      2

    ]

  >>

  /GrayImageDownsampleThreshold 1.50000

  /GrayImageDownsampleType /Bicubic

  /GrayImageFilter /DCTEncode

  /GrayImageMinDownsampleDepth 2

  /GrayImageMinResolution 150

  /GrayImageMinResolutionPolicy /OK

  /GrayImageResolution 150

  /ImageMemory 1048576

  /JPEG2000ColorACSImageDict <<

    /Quality 15

    /TileHeight 256

    /TileWidth 256

  >>

  /JPEG2000ColorImageDict <<

    /Quality 15

    /TileHeight 256

    /TileWidth 256

  >>

  /JPEG2000GrayACSImageDict <<

    /Quality 15

    /TileHeight 256

    /TileWidth 256

  >>

  /JPEG2000GrayImageDict <<

    /Quality 15

    /TileHeight 256

    /TileWidth 256

  >>

  /LockDistillerParams false

  /MaxSubsetPct 100

  /MonoImageDepth -1

  /MonoImageDict <<

    /K -1

  >>

  /MonoImageDownsampleThreshold 1.50000

  /MonoImageDownsampleType /Bicubic

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /MonoImageResolution 1200

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /NeverEmbed [

    true

  ]

  /OPM 1

  /Optimize true

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AllowImageBreaks true

      /AllowTableBreaks true

      /ExpandPage false

      /HonorBaseURL true

      /HonorRolloverEffect false

      /IgnoreHTMLPageBreaks false

      /IncludeHeaderFooter false

      /MarginOffset [

        0

        0

        0

        0

      ]

      /MetadataAuthor ()

      /MetadataKeywords ()

      /MetadataSubject ()

      /MetadataTitle ()

      /MetricPageSize [

        0

        0

      ]

      /MetricUnit /inch

      /MobileCompatible 0

      /Namespace [

        (Adobe)

        (GoLive)

        (8.0)

      ]

      /OpenZoomToHTMLFontSize false

      /PageOrientation /Portrait

      /RemoveBackground false

      /ShrinkContent true

      /TreatColorsAs /MainMonitorColors

      /UseEmbeddedProfiles false

      /UseHTMLTitleAsMetadata true

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /BleedOffset [

        0

        0

        0

        0

      ]

      /ConvertColors /NoConversion

      /DestinationProfileName (U.S. Web Coated \050SWOP\051 v2)

      /DestinationProfileSelector /UseName

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements true

      /GenerateStructure true

      /IncludeBookmarks true

      /IncludeHyperlinks true

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles true

      /MarksOffset 6

      /MarksWeight 0.25000

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /UseName

      /PageMarksFile /RomanDefault

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /LeaveUntagged

      /UseDocumentBleed false

    >>

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXBleedBoxToTrimBoxOffset [

    0

    0

    0

    0

  ]

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXOutputCondition ()

  /PDFXOutputConditionIdentifier (CGATS TR 001)

  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)

  /PDFXRegistryName (http://www.color.org)

  /PDFXSetBleedBoxToMediaBox true

  /PDFXTrapped /False

  /PDFXTrimBoxToMediaBoxOffset [

    0

    0

    0

    0

  ]

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /ParseICCProfilesInComments true

  /PassThroughJPEGImages true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo false

  /PreserveFlatness false

  /PreserveHalftoneInfo false

  /PreserveOPIComments false

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Remove

  /UsePrologue false

  /sRGBProfile (sRGB IEC61966-2.1)

>> setdistillerparams

<<

  /HWResolution [600 600]

  /PageSize [612.000 792.000]

>> setpagedevice





